SUMMARY A collection of 802 isolates of Gram-negative bacteria causing urinary tract infections was made from general practice, antenatal clinics, and local hospitals. The organisms were tested for their sensitivity to chlorhexidine, cetrimide, glutaraldehyde, phenyl mercuric nitrate, a phenolic formulation, and a proprietary antiseptic containing a mixture of picloxydine, octyl phenoxy polyethoxyethanol, and benzalkonium chloride. Escherichia coli, the major species isolated, proved to be uniformly sensitive to these agents. Approximately 10°,! of the total number of isolates, however, exhibited a degree of resistance to the cationic agents. These resistant organisms were members of the genera Proteus, Providencia, and Pseudomonas; they were also generally resistant to five, six, or seven antibiotics. It is proposed therefore that an antiseptic policy which involves the intensive use of cationic antiseptics might lead to the selection of a flora of notoriously drugresistant species.
During the course of studies on the development of urinary tract infection in patients undergoing intermittent bladder catheterisation in the early stages of paraplegia, observations were made on the effect of the repeated application of the antiseptic chlorhexidine on the bacterial flora of the urethral meatus.' 2 The bladder management of these patients involved the washing of the penis with aqueous solutions of chlorhexidine (600 jtg/ml) before the insertion of the catheter at approximately 8-hour intervals. The flora was examined daily before and after application of the antiseptic, and the general pattern that emerged from this work was that for the first few days after trauma the meatus carried a Gram-positive flora which the chlorhexidine usually eliminated. A Gram-negative population developed subsequently, however, and proved to be more refractory to chlorhexidine. In particular, Proteus mirabilis, Pseudomonas aeruginosa, Providencia stuartii, and Klebsiella frequently survived the application of the antiseptic, and in laboratory tests many of the strains demonstrated an ability to grow in media containing 200 ,ug/ml of the agent. Subsequently, some of the Pr. mirabilis and P. stuartii strains from this source were shown to have Received for publication 5 September 1979 minimum inhibitory concentrations (MICs) of up to 800 ,sg/ml chlorhexidine,'4 well above the level of 10-50 jug/ml orginally reported to inhibit the growth of Gram-negative species.5
These chlorhexidine-resistant strains were isolated from an unusual clinical situation in which repeated exposure to the antiseptic over periods of up to 3-4 weeks takes place. It 
Results
In a 12-month period, over 1000 isolates of Gramnegative bacteria were obtained from urinary infections. E. coli proved to be by far the most prevalent species, and after six months when some 369 E. coli isolates had been investigated, the sensitivity testing of this species was discontinued. The species distribution of the isolates examined in the survey is shown in A comparison between the chlorhexidine sensitivity of isolates from hospital inpatients and those from general practice and antenatal clinics is shown in Figure 7 . It is clear that resistant organisms are mainly found in infections originating in hospital.
Discussion
The variety of Gram-negative species isolated and tested in this survey reflects the range of organisms that have been reported to be responsible for acute, chronic, and hospital-acquired urinary infection ;8 910 the most common organism, E. coli, proved to be extremely sensitive to all the antibacterial, the MIC values recorded for the isolates being equivalent to that of the control culture collection strain E. coli 10418 and well below the normally recommended use concentrations for the six agents.
The criterion used to describe strains as resistant was an MIC greater than the normally used con- In all these instances, the organisms were isolated from sources where they had been exposed to the antiseptic. In the present survey, Fig. 7 shows that the resistant strains came predominantly from inpatient infections. In fact, the majority came from chronic infections in geriatric or paraplegic patients. Infections in these cases are often with mixed populations, and the observation that the antiseptic-resistant organisms were also generally resistant to five, six, or seven antibiotics (Figs 1-3 ) leads to speculation that the challenge of such a mixed culture with, for example, an instillation of chlorhexidine into the bladder might result in the selection of the chlorhexidine-resistant, drugresistant species.
The general conclusion from the survey is that resistance to antiseptics and disinfectants is not a widespread phenomenon in organisms that are responsible for urinary tract infections. Resistance appears to be limited to the genera Pseudomonas, Proteus, and Providencia and to the cationic antiseptics. The resistant strains in this survey were mostly isolated from patients in whom chlorhexidine was being used to wash down the urethral meatus before insertion of a bladder catheter. A chlorhexi- dine-containing cream was used to facilitate the passage of the catheter through the uretha, and in some cases the antiseptic was incorporated into the urine drainage bag. These observations, together with an examination of the antibiotic resistance patterns of the isolates, have led us to the conclusion that an antiseptic policy which relies on the intensive use of cationic antiseptics such as chlorhexidine could well result in the selection of a flora of notoriously drug-resistant species.
The recent report'5 that resistance to the antiseptic hexachlorophane in Ps. aeruginosa was determined by an extrachromosomal element which also carried the genes for sulphonamide and gentamicin resistance has important implications and has led us to consider whether the observed correlation between antibiotic and cationic antiseptic resistance has a basis in an association of the resistance genes. The possibility of such a relationship existing between the genetic factors for chlor- hexidine and antibiotic resistance in P. stuartii is now under investigation in this laboratory.
